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备二氧化硅气凝胶，对其性质以及负载 4% wtNi 催化甲烷部分氧化制合成气反应
的催化活性进行比较。使用超临界干燥和常压干燥制备的二氧化硅气凝胶比表面
































质以及催化性能的比较。制备气凝胶纳米球的最适 pH 值为 12，在 pH=12 的条
件下水解老化 1.5 h 即可得到二氧化硅气凝胶纳米球。气凝胶纳米球的形貌可通
过水解老化的温度进行调控，纳米球的粒径随着温度的升高而增大，而且由球形
颗粒向棒状颗粒变化。制得的气凝胶纳米球的比表面积在 627-1162 m2/g 之间，
孔径的大小随着水解老化温度的降低有增大的趋势，在室温条件下制得的纳米球

































   Aerogel, which deprived from inorganic salt or metal alkoxide through sol-gel 
process and supercritical drying, is some kinds of metal or metallic, nonmetal oxide 
material possessed highly porous three dimensional network structures. It has a low 
density of  0.003~0.500g/cm3 , high porosity of 80~99.8%, Its specific surface area 
can reach up to 500~1200m2/g, and It is very stable and can easily doped with other 
materials. So it is a great material as a catalyst. 
   Partial oxidation of methane (POM) to syngas is way to convert methane into 
syngas in a mild reaction conditions compared with other traditional methods. And the 
V(H2)/V(CO) of its product is nearly 2. It’s just a proper ratio for the Fischer-Tropsch 
synthesis, and can be converted into other useful compounds. So POM has a high 
research value and broad application prospect. The study of Ni-based catalysts is also 
a hot topic because of the low price and high performance of nickel. 
In this article, silica aerogel and alumina aerogel are prepared by supercritical 
drying (SCD) and ambient pressure drying (APD). The aerogels are also impregnated 
with nickel as catalyst carriers with nickel nitrate and the performance of the catalyst 
in the partial oxidation of methane (POM) reaction is also studied. Then the BET 
surface area and the pore structure is determined by the N2 physical 
adsorption-desorption, the surface functional group is studied by FT-IR spectrum and 
the phase composition and microstructure of the aerogels were observed by XRD and 
SEM. There are three sections in this article: 
Firstly, the silica aerogels are prepared by supercritical drying (SCD) and 
ambient pressure drying (APD) after solvent exchanging with hexane and surface 
modification with Hexamethyldisilasane. The aerogels, acting as catalyst carrier and 
impregnated with nickel using nickel nitrate. Then the properties and the performance 
of the catalysts in the partial oxidation of methane (POM) reaction are studied. The 
result shows that the specific surface area of silica aerogels deprived from SCD and 
APD is up to 1016m2/g and 846m2/g, and the pore size is mainly distributed at 
14.5nm and 11.5nm respectively. And the range of the distribution of the pores in the 
aerogel prepared by SCD is wider than that prepared by APD. And the aerogels 
deprived by SCD also have more big pores. The performance of the catalyst is largely 















harder the Ni is sintered. Besides, the big pore is benefit for the mass and thermal 
transfer, so the gas can contact with the active site better. And the aerogel deprived 
from SCD is more stable in the POM reaction. 
   Secondly, the alumina aerogels are also prepared by supercritical drying (SCD) 
and ambient pressure drying (APD) after solvent exchanging with hexane and surface 
modification with Trimethylmethoxysilane. The aerogels, acting as catalyst carrier 
and are impregnated with nickel using nickel nitrate. Then the properties and the 
performance of the catalysts in the partial oxidation of methane (POM) reaction is 
studied. The result shows that the specific surface area of silica aerogels deprived 
from SCD and APD is up to 648m2/g and 382m2/g, and the pore size is mainly 
distributed at 15.9nm and 1.7nm respectively. Though the –OH is well protected by 
–Si(CH3)3, the Al-O-Al is not as strong as the Si, and the pore is badly destroyed by 
the surface tension. Highly dispersed nickel aluminates tend to formed in the larger 
pores causing better POM reaction performance and stability. So the performance of 
the alumina aerogel catalyst is better than silica aerogel catalyst. 
   At last, silica aerogel nanosphere is prepared using APD method, and the 
properties and the performance of POM reaction of the nanosphere are studied with 
the monolith silica aerogel as comparison. The impact of pH value, temperature and 
time for the hydrolysis and aging on the properties of the nanosphere is researched. 
The BET specific surface area of the nanosphere is range from 627-1162m2/g, and 
higher the hydrolysis temperature, larger size and smaller pore size the nanosphere 
has, and more likely to form a rod like nanosphere. The average pore size of the 
nanosphere prepared in room temperature is about 3.08nm. The performance of the 
POM reaction of the nanosphere impregnated with 4%wt Ni is largely improved, 
because of the more stable pore structure and stronger interaction between the Ni and 
nanosphere. And the performance is almost the same as the alumina aerogel catalyst. 
 





























气凝胶是于 1931 年由 Samuel Stephens Kistler[8]发明的。他以硅酸钠作为硅
源，通过其水解制成 SiO2 湿凝胶，并利用超临界干燥技术（Supercritical 
Drying ,SCD）在超临界条件下，抽取掉凝胶孔中的液态分散相，将 SiO2 湿凝胶
的骨架完整的保存下来，得到了硅气凝胶。而后 Kistler 成功制备出了多种其他
成分的气凝胶，并预言气凝胶将在催化、隔热、玻璃及陶瓷领域得到应用。 





年 Tewari[12]采用 CO2 作为超临界介质降低了操作温度、提高了超临界干燥的安


































表 1.1 常见溶剂的临界条件 
Solvent Tc/oC Pc/MP 
H2O 374.1 22.04 
CO2 31.0 7.37 
CH3COCH3 235.0 4.66 
CH3OH 239.4 8.09 

































































根据国际纯粹应用化学协会（ International Union of Pure and Applied 
Chemistry, IUPAC）的定义小于 2 nm 的孔洞成为微孔，孔径在 2~50 nm 间的孔
洞成为介孔或者中孔，而孔径大于 50 nm 的孔洞成为大孔。通过对制备条件的控



























气凝胶的杨氏模量 Y 与其宏观密度ρ之间的关系可用标度定律来描述[24]： 








氏模量如表 1.2 所示： 
表 1.2 不同温度下二氧化硅气凝胶的杨氏模量[25] 
Temperature/℃ 25 200 400 600 800 
Youngs modulus 
/106 N·m-2 







率的 1/500 左右。一般认为，密度在 70～30 kg·m-3 的 SiO2 气凝胶的固态热导率 λs
∝ρα，其中 α = 1.5。而热辐射热导率 λr∝T
3/E，其中 T 为绝对温度，E 为湮灭
系数，与密度 ρ 有关。气凝胶的热辐射为发生在 3～5 μm 区域内的红外热辐射，




气凝胶的导热系数在 200 ℃是为 0.015 W/m·K，而氧化铝气凝胶的导热系数为























随着温度的上升，氧化铝骨架会经历一系列的相变，如图 1.4 所示： 
 
32
1100-10001000-900800-700500-300 OAl-αγhmite)γAlOOH(boe      ℃℃℃℃   
图 1.4 氧化铝的相变温度 
 
























调整 Ni 的负载量达到了调控 Ni 颗粒的大小，并考察了 Ni 颗粒的大小对二氧化
碳甲烷重整反应中积碳的影响。结果表明，反应的催化活性随着 Ni 负载量的增
加而增加。Ni 的烧结以及积碳是造成催化剂失活的原因。 











双金属进行负载制得的催化剂其催化活性也有一定的提高。而 Co 与 Ni 的比例
对催化剂的活性也有较大影响，合金催化剂较纯钴、纯镍的催化剂活性好、不易
积碳，而且与载体的作用力较强。金属比例为 1:1 时可获得最好的催化活性。 




性不同，当 Ni 的负载量达到 30%时催化活性最好。他们还制备了 Ni/Al2O3 气凝
胶催化剂，考察了 Ni 与 Al 的原子比对催化活性的影响，结果表面 Ni 原子占 35%
时 Ni 在催化剂中的平均粒径最小、催化剂具有最高比表面积，孔洞最大因而具
有最好的催化活性。在 Ni-Al2O3 催化剂中添加不同金属时，Ni-La-Al2O3 催化剂
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